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ABSTRACT 
A preliminary pilot plant investigation of Robln and 
Haas XE 100 ion-exchange resin as a catalyst tor olefin 
hydration is presented. All data were collected from a 
fixed bed continuous flow reactor in which feed composition 
was the controlled variable. Attempts were made to duplicate 
total pressure, reactor volume, total mass flow rate, and 
catalyst activity for all runs. 
For comparison purposes, data were also collected 
with Amberlite IR 120 ion-exchange resin as a catalyst. 
Results indicate slightly higher yields are obtainable 
with XE 100 resin. 
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INTRODUCTION 
The growth in production of ethylene glycol since 
the early 1940's has encouraged a number of investigations 
into the controlling mechanism for olefin hydrations ( 5 ). 
Experiments have been carried out in both liquid and vapor 
phases and predominantly at low conversions. A restriction 
imposed on all investigations was the use of an excess 
of water, thereby forcing the desired reaction to approach 
pseudo first-order behavior. 
At atmospheric pressure and normal temperatures 
the reaction rate is negligible. Therefore, catalysts, 
in both the liquid and solid state, covering the entire 
pH range were explored. Comercially, the most promising 
catalyst found to date is the strong acid. With it, 
relatively high conversions may be coupled with good 
yields. 
At the present time, over one-half of the glycol 
produced in this country comes from the sulfuric acid 
catalyzed hydration of ethylene oxide. The major 
difficulties with this process are product catalyst 
separation and equipment corrosion. To eliminate these 
problems, the acid form of ion-exchange resins have 
been investigated. Stirred tank batch reactors, fixed 
bed flow reactors, and fluidized bed flow reactors have 
all been employed. Published data ( 5 ) indicate the 
controlling mechanism, regardless of phase or catalyst 
conditions, is the reaction to an activated complex 
,·. 
which decomposes rapidly to product and an active hydrogen 
ion site 
The present investigation was undertaken to help 
substantiate the conclusions of earlier investigators, 
and to expand the work of Reed ( 1) in the area of pilot 
plant operation. A new ion-exchange resin, XE 100, was 
selected for its action as a strong acid and its relatively 
high permeability when compared to catalysts used in 
earlier studies ( low cross-linkage ). Amberlite IR 120 
was also employed to quantitatively compare results of 
this project with preceding operations. 
...... · .•. -/. 
EQUIPMENT 
A schematic diagram or the equipment employed is 
shown in Figure 1. The high reactivity of ethylene 
oxide precluded the use of an explosion barrier and 
limited construction materials to stainless steel and 
glass. Butyl rubber and teflon satisfied the requirements 
for gasket material. The system was designed to operate 
at pressures up to 50 psig and temperatures not in excess 
of 150 C. 
A four liter aluminum cylinder, pressurized with 
nitrogen, served as the water reservoir. The water rate 
was controlled by a stainless steel needle valve and was 
.~ measured by a Fisher Porter rotameter with a stainless steel 
1 
.. ,, 
? float. Three 600 watt strip heaters, controlled through 
•·. 
,., 
a variac, supplied the energy necessary to insure a sat-
urated water feed to the reactor. The water heater was 
a ten foot coil of one-quarter inch stainless steel tubing. 
An inverted number three ethylene oxide cylinder, 
steam traced for temperature and pressure control, was 
the oxide reservoir. The oxide vapor pressure supplied 
the driving force for the charge. A large pressure drop 
( approximately 50 psig ) was maintained across the oxide 
control valve to smooth erratic flow resulting from 
pressure fluctuations in the vaporizer. Ethylene oxide 
flow was metered by a Brooke high pressure rotameter with 
a stainless steel float. Both water and oxide flow rates 
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REACTOR DETAIL 
1 3/4' 1 Sta1nleae Steel Cap 
2 Telfon End Jasket 
3 Pre11ure Tap 
4 l/2 1 ' Stainless Steel Tub1nfi. 
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Notes: Bottom seal ~~as similar tL"' teflon aeal 
ah own abuva. 
Catalyst "'as suspended. on a 1talnle1s 
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were measured in the liquid phase to eliminate the need 
for predicting gas pressure, density, and viscosity. All 
calibration curves appear in the appendix. 
Three 250 watt strip heaters operated at full capacity 
vaporized and superheated the oxide charge in a coil 
( ten feet long) of one-quarter inch stainless steel 
tubing. 
The reactor was a two foot length of three-quarter 
inch stainless steel pipe. Four thermocouple wells were 
placed in the reactor as shown in Figure 11. All thermo-
couples were copper-constantan. The first thermocouple 
measured the water-oxide feed temperature, while the 
remaining three were used to obtain the vertical temper-
ature profile. One thermocouple was also placed on each 
feed line. All thermocouples were used in conjunction 
with a Honeywell multiple point recorder to transcribe 
temperatures within! 1 c. 
A 51 cm. water cooled condenser liquified all products. 
Originally, a silica gel trap cooled by a dry ice acetone 
bath followed the product flask. The acetone bath was 
eliminated because the silica gel trap showed negligible 
variation in weight. The trap was retained as a safety 
measure. 
A complete list of equipment and specifications 
appears in the appendix. 
PROCEDURE 
Thr presentation of procedures involved in this 
investigation is divided into three areas: preparation 
of catalyst, operation, and analysis of product. 
Preparation of Catalyst 
As a result of the apparent deactivation of the 
ion-exchange resin with time, fresh resin was prepared 
every day of operation. The procedure used for activation 
was that recommended by Rohm and Haas ( ie. at least five 
displacement washes with ten percent sulfuric acid followed 
by distilled water washes until the effluent water is 
neutral ). The activation and washing procedure was carried 
out in glass vessels because of the suspected role of 
stainless steel in deactivating the catalyst. 
When the catalyst was activated and cleaned, the 
reactor was' 'wet charged'' to a depth of fourteen inches 
( 35.5 cm. ). While charging, a glass rod was used as an 
agitator to help eliminate voids below and around thermo-
couple wells. 
The wet catalyst particle size is reported in the 
range of 16 to 50 mesh. The bed porosity was approximately 
forty percent. 
8 
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Operation 
At least one hour in advance of an ethylene oxide 
charge, the heaters on the oxide cylinder, the charge lines, 
and the vaporizer were started. During the preliminary 
warm up period, preheated distilled water was charged 
to its reservoir and the reaction chamber was installed. 
The reaction chamber was brought up to temperature (approx-
imately 80 C. ) by charging with water which had passed 
over the electric strip heater. Nitrogen was charged 
through the ethylene oxide lines to eliminate water contam-
ination during warm up. 
When the ethylene oxide cylinder, the charge lines, 
and the reactor bed reached constant temperature, the 
nitrogen flow was stopped and the oxide was charged through 
the vaporizer. It was important that all ethylene oxide 
feed lines were hot before admitting the charge. Thia 
procedure was found to eliminate condensation and erratic 
flow. Large fluctuations in flow rate were avoided 
because of their effect on catalyst particle size and 
bed porosity. 
Both water and ethylene oxide flow rates were adjusted 
to the desired operating conditions at this point. The 
ethylene oxide vaporizer was controlled by a variac which 
was held at a maximum setting. The variac controlling 
the water heater was adjusted to supply saturated water to 
the column. The operating conditions were carefully con-
.... . -- ----··. --~··--· ' 
trolled to allow the column to approach steady state 
operation ( usually 30-40 minutes ). When the reactor 
conditions were constant, as indicated by lees than 
three degree (centigrade) temperature fluctuations 
and constant rotameter readings, the product flask and 
silica gel trap were positioned. Product was collected 
for thirty minutes to average out small fluctuations 
within the reactor. Several small adjustments ( lees than 
five percent at the lowest rate ) on the feed streams were 
usually necessary. Variac settings, rotarneter indications, 
and pressure measurements were recorded every ten minutes. 
After collecting product for thirty minutes, the 
product flask and silica gel trap were disconnected. 
The ethylene oxide flow was stopped and immediately replaced 
by nitrogen. All heating was stopped. The unit was allowed 
to cool as water and nitrogen passed throu5h as purge streams. 
The product flask and silica gel trap weights were measured 
and recorded. The product was stored in an ice bath to 
await analysis. 
Catalyst and feed specifications appear in the appendix. 
I' 
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Product Analysis 
Adoption of a satisfactory product analysis scheme 
presented the greatest problem in this investigation. 
The first analytical method examined was gas phase 
chromatography. Attempts were made to analyse product 
samples in a Fisher-Gulf 150 c. Partitioner. After 
several months of laboratory trials and communication 
with Fisher Scientific, it was determined that only one 
procedure was availible for separating glycol products 
by chromatography. Thia method involved, first, the elim-
ination of all water, and second, the use of a hogh 
temperature ( 300 C. ) unit. As a result of the unavail-
ibility of equipment and the added complexity, this approach 
was abandoned. 
Fractional distillation in a ''Todd''column was 
the second alternative. Prediction of the composition 
and the quantity of column holdup, and the analysis of small 
quantities of high boilers were the major problems. The 
analysis of several runs indicated acceptable results 
on conversion. However, accurate yield data were not ob-
tainable. 
The third alternative, chemical analysis, was adopted. 
The characteristic equations follow. 
CHO+ HCl --- HOCH Cl 
CHO+ HI O ___. 2 HCHO + HIO +3 H 0 
3 CHO+ 5 KCr O + 20 H SO ---- 6 CO + 29 HO+ 
+ 5 Cr (SO)+ 5 K SO 
I 
I 
··,·.·~ kJ l • .;i..;=' ·==----------
3 CHO + 10 K Cr O + 40 H SO --- 12 CO + 55 H
 0 
+ 10 Cr (SO)+ 10 K·SO 
All glycol polymers were assumed to be diethyl
ene 
glycol. This assumption is validated by publi
shed data ( 2 ). 
Ethylene oxide polymerization appeared to be n
egligible. 
The expected accuracy of the chemical procedur
e 
was+ 1.0 percent. Analysis of several known 
samples 
indicated greater precision. 
A detailed presentation of the analytical proc
edure 
appears in the appendix. 
DLSCUSSION OF RESULTS 
Data obtained with IR 120 ion-exchange resin 
as a 
catalyst agree with other investigations. Ho
wever, the 
results do not represent a regular trend in th
e region of 
this investigation. Apparently, there is a c
hange in mech-
anism when the concentration of the total gly
col product 
exceeds 0.04 moles per mole of water. 
is presented graphically in Figure IV. 
The inconsistency 
Data point 
number four falls on the curve obtained from f
luidized 
bed data, while point number three agrees well
 with a 
point abstracted from batch data ( ~ ). The actual 
difference between the latter two points may b
e attributed 
to a temperature effect which will be discusse
d later. 
Figure 111 represents the combined effects of 
temper-
ature and feed composition on conversion. Wit
h a two 
phase, two component system, two degrees of fre
edom exist. 
Once the operating pressure is selected, feed 
temperature, 
reaction temperature, and reaction rate become
 inverse 
functions of ethylene oxide concentration in t
he feed. 
Therefore, as ethylene oxide concentration inc
reases, 
the rate of reaction and overall conversion de
crease. The 
data asymptotically approach a minimum convers
ion of 
approximately twenty percent at a total mass 
flow rate 
of 4800 grams/ min. cc. of catalyst. A compa
rison of this 
result with published data ( 1 ) indicates that min-
imum conversion is a function of total mass fl
ow rate. 
The minimum decreases with an increase in flow
 rate. It 
should be noted that no attempt was made to co
ntrol 
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the relative quantity of vapor and 11
qu1d within the reactor. 
However, water was fed as a saturated
 liquid and the liquid 
phase predominated. 
Previous investigators report the ac
tivation energies 
for mono and di-glycol formation with
 strong acid catalysts 
are of the same magnitude ( 12,000 calories p
er gram mole{ 
( 2 ). The formation of an activated complex 
has been 
proposed as the controlling mechanism
 for each reaction. 
Since ethylene oxide is involved in t
he formation of both 
complexes, yield should be independen
t of ethylene oxide 
concentration. Thie conclusion is s
ubstantiated by the 
random behavior of yield data in Figu
re 111, and the 
straight line correlation obtained wh
en yield was plotted 
as a function of reacted ethylene oxi
de (Figure lV). If 
the proposed mechanism is correct, yi
eld is a function of 
initial complex concentration and not
 reacted ethylene oxide. 
However, the two quantities are direc
tly related and the 
use of reacted ethylene oxide as a pa
rameter simplifies 
the comparison of results. 
The slight deviation of points two an
d five from 
the curve in Figure J.V is attributed 
to a temperature 
effect. The trend indicates lower yi
elds at higher 
temperatures. Therefore, it is conc
luded that the energy 
of activation for diethylene glycol i
s slightly higher 
than the energy of activation for eth
ylene glycol. 
The effect of temperature decreases a
s the temperature 
is increased. These conclusions are 
substantiated by 
16 
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other investigators and Arrhenius' rate equ
ation. 
Data collected for the two ion-exchange resi
ns 
indicate slightly higher yields are obtainab
le with XE 100 
resin ( Figure IV). Thie result may be a function o
f the 
relative selectivity or the relative porosi
ty of the cat-
alyst involved. It is suggested that the lo
w croeelinkage 
( high permeability ) of XE I00 resin allows faster 
diffusion of products and therefore lees po
lymerization. 
Results are tabulated in Table 1. 
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RECOMMENDATIONS FOR FUTURE INVESTIGAT
ION 
1. Charge ethylene glycol with th
e feed. Vary the mass 
flow rate at a given glycol concen
tration to determine 
the effect of product diffusion on y
ield. The reactor 
length should be varied to allow co
nstant retention 
time and comparable conversions. W
ater-jacket the reactor 
for temperature control. 
If the results are independent of pro
duct diffusion, 
the investigation may be used to ex
plore polymerization 
reaction mechanisms. Two proposed m
echanisms follow. 
+ 
(ethylene glycol complex) + ethylene oxid
e~ 
(di-glycol complex)+~ di-glycol + H+ 
or 
(absorbed ethylene oxide)++ ethylene glycol
 
(di-glycol complex)+ ----- di-glycol + 
A decrease in yield with an increas
e in glycol 
concentration would support the seco
nd mechanism and/or 
the importance of product diffusion.
 
2. Charge nitrogen with the two p
hase feed to investigate 
the effect of gas phas
e diffusion. 
3. Charge a premixed li
quid feed from the bottom 
of the 
reactor. This approach
 eliminates gas phase diffu
sion 
and adsorption conside
rations. 
4. Jacket the reactor wit
h water. With the wate
r heat 
sink for temperature control and a 
one phase system (liquid), 
investigate the individual contribu
tions or temperature 
and concentration on conversion. 
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Apply the results to the equation developed
 1n the appendix 
(page 31). 
5. Expand pilot plant investigation to include r
ecycle. 
Allow for product separation 1n a partial co
ndenser (two 
phase system) or in a fractionation column (liquid ph
ase 
system). 
6. Use a glass or a glass lined reactor to he
lp eliminate 
catalyst deactivation. Observe the flow pa
tterns in a 
glass reactor. 
7. Develop a method to weigh the reactor at t
he start 
and the termination of ''steady state'' ope
ration. 
8. Construct a charge reservoir for ethylene
 oxide. 
Pressurize the reservoir with nitrogen. A
lways maintain 
ethylene oxide at room temperature or lower
 to decrease 
polymerization which occurs rapidly at elev
ated temperatures. 
9. Investigate the kinetics in a stirred t
ank continuous 
flow reactor (liquid phase). Jacket the reactor for 
temp-
erature control. 
10. Increase retention time to allow the e
xtent of reaction 
to exceed o.04 moles of ethylene oxide reacted per mole 
of water feed. ·check i1.rregu1ari 1,y indicated
 by I R 120 
data (see results). 
' \· 
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CHEMICAL ANALYSIS 
1. ' Ethylene Oxide 
A. Reactions 
C H 0 H 0 
H+ C H 0 (A) + -
C H 0 + HCl - HOCH Cl 
(B) 
r l = kl ( H+ ) ( C H O ) 
{C) 
r 2 
= k2 
{ H+ ) ( C H O) ( Cl - ) (D
) 
r 1/r2 = ~/k2 
(1/Cl-) (E) 
B. Discussion 
Since ethylene oxide reacts according to Eq
uation 
A and Equation B, conditions must be selecte
d to 
control the direction of reaction. Equation
 E 
indicates that a large excess of chloride io
n forces 
ethylene oxide to follow Equation B. There
fore, magnesium 
chloride was used to saturate the hydrochlo
ric acid 
solution. 
C: Procedure 
1. Pipette 25 ml. of 0.2 N. HCl solution in
to a 
250 ml. flask. 
2. Pipette a cold product sample ( 1 to 5 ml. ) into 
the flask and allow the solution to react on
e hour. 
Sample size depended upon conversion. 
3. After the hour age, dilute the sample with 5
0 ml. 
of distilled water. 
4. Titrate the reacted sample with 0.05 N. KOH
 to 
a methyl red end point. 
5. Compare results with a blank to obtain the 
extent of reaction. 
' 
' 
I 
D. Reagents 
0.2 N. HCl saturated w1th Magnesium Chloride 
0.05 N. KOH 
2. Ethylene Glycol 
A. Reactions 
H IO +CH (OH) ---- 2 HCHO + HIO + 3 H 0 
HIO + KOH --- KIO + H 0 
H IO + KOH KIO + 3 H 0 
KIO + 2 KI+ H SO -
KIO + 5 KI+ 6 H SO 
KIO+ I + K SO + H 0 
3 I + 3 K SO + 3 H 0 
I + 2 Na SO ---- 2 NaI + Na S 0 
B. Discussion 
The unique ability of periodic acid to oxidize 
only alcohols with hydroxyl groups on adjacent carbon 
atoms was employed to analyse ethylene glycol. 
Analysis of several known samples indicates com
plete 
reaction within one hour. See Figure V. 
The dilution procedure (step three) was adopted to 
eliminate the errors involved in measuring sam
ples 
smaller than 0.5 ml. 
C. Procedure 
l. Reflux the product under vacuum to remove a
ll 
ethylene oxide (eliminate further hydration). Time 
required: 20 to 60 minutes. 
2. Measure and record the weight of the produc
t. 
3. Cool the product to 25 C. and dilute a 25 ml. 
al1quo1t of product to 1000 ml. 1n a volumetric
 
f'laek. 
4. Pipette 25 ml. of periodic acid into a 500 
ml. 
iodine flask. 
5. Pipette 10, 15, or 20 ml. of dilute product
 into 
the flask. 
6. Adjust the liquid volume in the flask to 50 ml. 
7. Allow the solution to react one hour. 
8. After the age, dilute the solution with 50 m
l. of 
distilled water and titrate with 0.05 N. KOH
 to 
a methyl red end point. 
9. Dilute the solution with another 50 ml. of 
distilled water. 
10. Add 15 ml. of 20 percent potassium iodide 
solution 
and 15 ml. of 6 N. sulfuric acid. 
11. Titrate the liberated iodine with 0.2 N
. sodium 
thiosulfate. Add two milliliters of starch
 
indicator near the end point. At the end p
oint, 
the characteristic blue turns to pink. 
12. Compare the results with a blank to obt
ain the 
extent of reaction. 
D. Reagents 
0.05 N. Periodic Acid 
0.05 N. Potassium Hydroxide 
0.2 N. Sodium Thiosulfate 
20 Percent Potassium Iodide Solution 
6 N. Sulfuric Acid 
Starch Indicator 
24 
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3. D1ethylene Glycol 
A. Rea.ot1one 
3 HOCH OH OOH+ 10 K Cr O + 40 H SO ---
12 CO + 55 HO+ 10 Cr (SO) + 10 K SO 
3 CH (OH) + 5 K Cr O + 20 H SO ---- 6 CO 
+ 29 HO+ 5 Cr (SO) + 5 K SO 
K Cr O + 7 H SO + 6 KI ---- 3 I + Cr (SO) 
+ 4 K SO + 7 H 0 
I + 2 Na S O - 2 };aI + Na S 0 
B. Discussion 
Dichromate oxidation was used to determine the 
total organic content of a dilute product sample. 
The results of the ethylene glycol analysis were 
used in conjunction with the oxidation results to 
yield polymer concentration ( reported as diethylene 
glycol ) . 
c. Procedure 
1. Pipette 25 ml. of potassium dichromate into a 
one liter round bottom flask. 
2. Pipette 10, 15,or 20 ml. of dilute product 
into the flask and adjust the total volume to 
50 ml. 
3. Add 50 ml. of concentrated sulfuric acid. 
4. Reflux the solution for thirty minutes. 
5. cool the solution and dilute to 300 ml. 1n a 
500 ml, iodine flask, Make sure the condenser and the 
distillation flask are well washed. 
6. Add 10 ml. of twenty percent potassium 1od1de. 
' , I 
. I 
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7. Titrate with sodium th1osulfate to a sea-green
 
end point Add starch indicator near the end
 point. 
8. Compare the results with a blank to obtain 
the 
extent of reaction. 
D. Reagents 
Potassium Dichromate 19 grams per liter 
Sulfuric Acid concentrated 
20 Percent Potassium Iodide Solution 
0.2 N. Sodium Thioeulfate 
Starch Indicator 
/ 
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RELATIVE ACTIVATION ENERGIES 
The application of Arrhenius' rate equ
ation to 
support the conclusion on the relative 
size of the 
activation energies for the glycol pro
ducts follows. 
Assumptions: 
Energy of activation for ethylene glyc
ol 
10,000 calories per gram mole 
Energy of activation for diethylene gly
col 
12,000 calories per gram mole 
At any given concentration, compare the r
elative 
reaction rates at two temperatures. T
his is equivalent 
to evaluating the effect of temperature
 on the rate con-
stants. 
Ethylene glycol kl= \e-Ei/R
T 
Diethylene glycol k2 = A2e-E~
/RT 
At RT = 700 
k1 = Ai e 
-10,000/700 A1 
k2 A2 e -12,000/700 
-- ( 1.335) 
A2 
At RT = 800 
~ A1 -10,000/800 e A1 
--
k2 
- ( 1.283) -
8
-12,000/800 A2 
A2 
The preceding rate constant relationshi
p indicates 
higher yields ( larger k1/k2 ) at lower temperature
s. 
This result is consistent with empirica
l data. 
It is easliy shown that the temperature ef
fect 
increases with decree.sing temperature. 
p 
" 
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' I THERMODYNAMIC EQ,UILIBRIUM 
6 F = - RT ln Ka 
6 F = 6 H - T 6 S 
Assume ideal liquid solution 
Ka= Xethylene glycol 
(xethylene oxide) (Jtwater) 
Liquid phase reaction at 25 C. 
Free Energies of Formation 
Ethylene Glycol-L Ethylene Ox1de-G 
Water-L 
-76.44 kcal/gm.mole -6.9kcal/gm.mole 
-56.69kcal/gm.mole 
Free energy data for adjusting the phase conditio
ns 
of ethylene oxide were not availible. 
The adjustment 
is probably less than two k-calories p
er gram mole. 
Therefore,it may be neglected in this 
calculation. 
6 FREACTION = - 12.81 
-12.81 = -1.98 (298) ln Ka 
ln Ka = 21.7 
K 
21.7 = Xethylene 5lycol 
a = e (Xwater) (xethylene oxide) 
The equilibrium strongly favors ethyle
ne glycol 
formation. 
T 
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Mathematical development to determine 
the extent of reaction 
neglecting diffusion, absorption, and 
adsorption. 
Assume reaction rate controlling. 
rdV = Fdx 
dx 1 
= -lt1X1 d0 
dx 2 
= k1X1 d0 
dx3 
= lt2X1X2 d0 
dx4 
= -k1X1 d0 
where 
Flow Reactor equation 
-k2X1X2 
-k2X1X2 
(1) 
(2) 
(3) 
(4) 
(5) 
r = rate of ethylene glycol formation
 gm/sec-cc 
F = feed rate gm/sec 
x = mass fraction 
V = volume of reactor cc 
k1 = rate constant for
 ethylene glycol formati
on 
k2 = rate constant 
for diglycol formation 
0 = time sec 
subscripts 
2 ethylene glycol 
3 diethylene glycol 
4 water 
1 ethylene oxide 
near range and substitute 
in equation 1 
(6) 
= 
Ethylene oxide concentration at any p
oint within the reactor 
( gm oxide )feed - : ( gm glycol) - 1~. 
( gm di-glycml) 
: total mass 
1· j I ,, \ 
f: ,, 
1: 
) 
' I 
I 
I 
or 
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1m 
divide equation 4 by equation 3 
dx3 
dx2 
Integrate 
X3 
at 
::I 
- li'; - ~~2 ln ( k1 - k2X2) 
X2 = 0 x3 = 0 
therefore, C ::::, 
Substitute the results in equation 6 
[
Xlf - 44 88 [ X2 k1 1m x 2 - nrn -k 2 -iz; 2
 
rearrange and simplify 
dx 
+ 
2 r44 k asl 
X L~ 2 -11rnJ 
Assumpteon used in previous simplifica
tion 
ln ( k1 - k2X2) = lnk1 
+ Constant 
(7) 
Using the definition of k as presented
 in equations 2 to 5, 
k
1
) k2 , and the
 fact that x2 approaches O .1 as a maxim
um, 
the previous assumption is reasonable. 
,, 
i• l 
I • 
I 
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Set 
I .. 
88 k1 2 
k1X1f - l"O'"S lc;'2 ln k1 
44 88 k1 
I I a trn +rtrn ~ - k2X1f 
III 
44 88 
= ~ k1 - l°Crn 
Rewrite equation 7 
r ~V = f- I :x; 
Two solutions depending on the sign of
 the following quantity 
11 2 - 4 1 III = M 
for M = + 
V 1 ln 2 I
II X2 + II - VM 
=-
F 
'rM 
2 III X2 + II +VM 
+ C (8) 
where 
1 II - ff 
C = -vr- ln II + VM 
for M = -
V 2 [ -1 2 III X2 
+ II 
F = ~ -M' 
tan ~ 
Examination of the constants IJ II, 
and III indicates 
that one restriction exists. III m
ust be positive 
88 62 
ki) l06 44 = 1.169 
•• 
', \ 
l:. Resin and Feed Sp
ec1f1cat1ons 
Rohm and Haas Resins 
IR 120 
mesh - 16 to 50 
type- strongly acidic cation exchange
r 
cross linkage - 8 to 10 percent divin
ylbenzene 
void -
XE 100 
45 to 50 percent 
same characteristics as IR 120 excep
t for cross-
linkage 
crosslinkage - 2 percent 
Ethylene Oxide Matheson 
M.W. - 44.05 
purity 99.8 percent 
specific gravity - water at 4 C. 0.88
7 
boiling point - 14 
c. 
34 
EQUIPMENT (Excluding valves, tubing and rese
rvoirs) 
1. Chromatography Unit 
Fisher-Gulf Partitioner (150 c. unit) 
Serial Number A 268 Two Column Unit 
2. Distillation Column 
Todd Scientific Co. 3/4'' Column 
3. Heating Mantle 
Glas-col 1000 ml, Cat. No. 0-108, 7
0 volt 
4. Pressure Gauges 
2 Acco He11co1d Gages 200 pound max
imum 
2 pound divisions 
5. Recorder 
Minneapolis Honeywell Brown Electron
ic 
12 point recorder, 0 - 10 mv. range 
6. Pressure Regulators 
2 Airco Nitrogen Regulators 
7. Rotametera 
Fisher Porter 
use 
FP 1/8-08-G-5/8 stainless steel float
 - liquid 
FP 1/8-12-G 
02 F 1/8-08 
Brooks 
saphire float 
eaphire float 
- gas 
- gas 
F'V 1100 stainless steel float lA-1
5-1 tube 
8. Vacuum Pump 
Robbins and Myers 
9. Powerstat 
1/6 HP 60 cycle 1 phase 
M 7963 Tl serial number 
Fisher Scientific Powerstet 
type 116 1 phase 
vi 
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